Introduction. Contrast-induced nephropathy (CIN) is associated with increased morbidity and mortality after percutaneous coronary intervention (PCI). On the other hand, CIN is a serious complication in patients with diabetes or renal impairment undergoing percutaneous coronary intervention (PCI). CIN after PCI may be associated with prolonged hospitalization, increased rates of kidney injury, and short-and long-term mortality. Factors that have been associated with CIN include: diabetes mellitus, congestive heart failure, recent acute myfocardial infarction, cardiogenic shock, and pre-existing renal impairment. In this study, we investigated contrast nephropathy development after coronary angiography (CAG) in patients presenting with acute coronary syndrome, who were hospitalized initially in the Coronary Care Unit and subsequenttly referred to the Internal Medicine Clinic in a tertiary care hospital. Methods. We've analyzed 335 patients' records retrospectively in 1 year that were followed-up with acute coronary syndrome (ACS) in the Coronary Care Unit (CCU) and transferred to the Internal Medicine Clinic (IMC). The following parameters were evaluated: age, gender, chronic disease and drug history, biochemical values evaluated before hospitalization to CCU, ejection fraction (EF) and left atrium diameter (LA), with or without previous CAG; values of serum creatinine (sCr) levels before CAG and after 48 hours. Values of p <0.05 were considered to be significant. Results. 126 of 335 patients were female and 209 were male. The average age of patients was 64.2 years. 122 patients used angiotensin converting enzyme inhibitor (ACEI), 54 patients used furosemide. CIN development rate of CAG patients was 22.8% (n=54). There was no significant relationship with age, gender and chronic disease history in CIN patients. When laboratory findings were compared, there was no significant relationship except for potassium value before CAG. However, potassium values were significantly higher in CIN patients (p=0.001). When drug usage of patients was compared, 48.1% (n=26) of CIN patients used ACEI and there was
Introduction
Contrast-induced nephropathy (CIN) is defined as either a 50% increase in serum creatinine level from baseline or 0.5 mg/dL and even more in absolute value, measured within 48 hours of intravenous contrast administration [1] . The development of acute renal failure (ARF) is a significant complication of intravascular contrast medium use and is associated with excess morbidity and mortality. An overall incidence of CIN in the general population is reported to be 0.6-2.3% [2] . We have assessed contrast nephropathy development after coronary angiography (CAG) in patients with acute coronary syndrome in the Coronary Care Unit and subsequently referred to the Internal Medicine Clinic in a tertiary care hospital.
Material and methods
Between January and December 2013, we analyzed 335 patients' records retrospectively that were followed-up with acute coronary syndrome in the Coronary Care Unit and subsequently were transferred to the Internal Medicine Clinic. After an evaluation according to inclusion and exclusion criteria, 335 patients were enrolled in our study. The parameters used and evaluated with statistical methods were: age, gender, history of chronic disease and drug usage, biochemical values evaluated before hospitalization to coronary care unit, ejection fraction (EF) and left atrium diameter (LA), with or without CAG; values of serum urea and creatinine levels before and 48 hours after CAG.
Statistical analyses
Compliance with the normal distribution for continuous variables was analyzed with the Shapiro-Wilk test. Descriptive statistics was used for defining continuous variables. Student's t-test was used to compare the two groups with independent and continuous variables showing normal distribution. Mann-Whitney U test was used for comparison of the two groups independent and continuous variables showing normal distribution. Wilcoxon Signed Rank test was used for comparison of not normally distributed dependent variables. Statistical significance was set at 0.05. Statistical analysis was performed by using the MedCalc Software Program, version 12.7.7 (MedCalc Software bvba, Ostend, Belgium).
Findings
A hundred and twenty-six of 335 patients were female and 209 were male. The average age of patients was 64.2 years. Fifty-two patients had congestive heart failure (CHF), 12 patients had malignancy, 79 patients had chronic renal failure (CRF), 108 patients had diabetes mellitus (DM) and 168 patients had hypertension (HT). 122 patients used angiotensin converting enzyme inhibitor (ACEI), 54 patients used furosemide. Three hundred and eleven patients were discharged, 6 of patients were transferred to another unit, 11 of patients were voluntarily discharged, 7 of patients died. Four of these deceased patients had CRF history and mortality might be related to CRF (p= 0.027). There was no significant relationship with the other parameters concerning mortality. Among these 335 patients that were transferred to the Internal Medicine Clinic from the Cardiology Coronary Care Unit with the diagnosis of acute coronary syndrome, CAG had been performed in 237 patients. Laboratory findings and mean EF values before CAG in these 237 patients with CAG are shown in table 1. CIN development rate in these 237 patients with CAG was 22.8% (n=54). Before and after CAG average creatinine values of patients with CIN were 1.2 mg/dL and 1.7 mg/dL, respectively. There was no significant relationship with age, gender and chronic disease history in CIN patients.
When laboratory findings were compared, there was no significant relationship except for serum potassium values before CAG (Table 2) . Serum potassium values were significantly higher in patients with CIN (with Mann-Whitney U test, p= 0.001). We evaluated the drug usage of patients. We found that 48.1% (n= 26) of CIN patients used ACEI and there was a significant relationship between ACEI use and CIN development (p= 0.026). A significant relationship was not found between the use furosemide and CIN development. 
Discussion
Contrast-induced nephropathy is a growing issue in the field of interventional cardiology. CIN is one cause of acute renal injury, resulting in a decrease in the glomerular filtration rate (GFR), reduced excretion of nitrogenous waste, hypervolemia, and hyperkalemia. CIN is associated with significant increases in mortality. However, mortality in patients who develop CIN is rarely due to renal failure. Patients with CIN also have significantly higher hospital mortality than those without CIN. CIN is one of the important reasons of hospital-acquired acute kidney injury [3] . As a widely accepted method, either a 50% increase in serum creatinine level from baseline or 0.5 mg/dL and more increase in absolute value, measured within 48 hours of intravenous contrast administration can be considered as CIN [1, [3] [4] [5] [6] [7] . We have diagnosed CIN according to this definition. Risk factors for CIN include pre-existing renal insufficiency, diabetes mellitus, older age, reduced left-ventricle systolic function, advanced heart failure, acute myocardial infarction, shock, concomitant use of nephrotoxic drugs, hypotension, dehydration, hypoalbuminemia, anemia, use of intra-aortic balloon pump, volume and type of contrast material (Table  3 ) [8] . In our study, the use of ACEIs and hyperkalemia were found to be associated with the development of CIN (p=0.026 and p<0.001, respectively) ( Table 4) . However, conflicting results exist regarding the effects of RAS blockers in the pathophysiology of CIN. Some studies reported RAAS blockers were preventive for CIN [9, 10] . The study by Gupta et al. [10] included patients randomised to receive captopril (a sulfhydryl group containing angiotensin-converting enzyme inhibitor at a dose of 25 mg thrice a day for three days, starting one hour prior to angiography) while patients in the control group underwent angiography without receiving captopril. They reported that captopril reduced the risk of development of contrast-induced nephrotoxicity in diabetic patients by 79% [10] . They speculated that abnormalities of renal perfusion possibly mediated by RAS were responsible for development of CIN and administration of captopril offers protection against development of CIN. Holscher et al. [11] prospectively assessed predictors of CIN within 72 h and long-term outcomes of 412 consecutive patients with serum creatinine levels of 1.3 mg/dL to 3.5 mg/dL undergoing elective CAG. In their study, patients were randomly assigned to periprocedural hydration alone, hydration plus one-time hemodialysis or hydration plus N-acetylcysteine [11] . Multivariate logistic regression identified the predictors of CIN as prophylactic postprocedural hemodialysis (OR 2.86, 95% CI 1.07 to 7.69), use of angiotensin-converting enzyme inhibitors (OR 6.16, 95% CI 2.01 to 18.93), baseline glomerular filtration rate (OR 0.94, 95% CI 0.90 to 0.98) and the amount of contrast material (OR 1.01, 95% CI 1.00 to 1.01). In addition, they found that independent predictors for death during follow-up included left ventricular ejection fraction lower than 35% (HRR 4.01, 95% CI 2.22 to 7.26), serum phosphate (HRR 1.64, 95% CI 1.10 to 2.43) and hemoglobin (HRR 0.80, 95% CI 0.67 to 0.96) [11] . From their prospective trial, Holscher et al. [11] concluded that postprocedural he-modialysis, use of angiotensin-converting enzyme inhibitors, reduced baseline glomerular filtration rate and amount of contrast media were independent predictors of CIN within 72 h after coronary procedure Assessing renal function after 30 days, rather than within 72 h, seemed to be more predictive for patients' long-term survival. Treatment with RAAS blockers does not usually cause renal dysfunction or hyperkalemia in patients with normal renal function. These complications can be observed in patients with high CV risk and generalized atheromatous disease such as, of course, renal atheromatosis and/or abnormal renal function. Blood pressure should be held steady before the procedure, as the patient will receive intense fluid intake. Avoid blood pressure levels 20 to 30 mmHg lower than normal and, do not administer contrast media if blood pressure is unacceptably low. ACEIs and ARBs are most frequently associated with CIN, especially in patients with depletion. Hyperkalemia was found to be associated with CIN in our study and may be due to the use of ACEI. On the other hand, there is limited information about the serum electrolyte levels in patients with CIN in the literature.
Conclusions
Coronary artery interventions are most frequently associated with CIN among the procedures in which intravenous contrast material is used. While in prospective studies CIN incidence is around 3.3%, in the subgroup of patients that has had myocardial infarction and required primary angioplasty, CIN incidence rises to 19% [12] . In our study, CIN development rate was 22.8% and this rate is considerably high. Our awareness about contrast nephropathy and assessment of risk factors before the process has to be optimized. Consequently, a thorough understanding and pathophysiology of CIN along with the drug interactions have to be studied in future by including a larger series of patients with high cardiovascular risk.
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